The accumulation and efflux of nickel from three kinds of cultured pneumocytes were studied. Nickel rapidly penetrated the cells examined. The concentration of nickel in the cells was related to the volum of cytoplasm and surface area of the cells. Some metabolic inhibitors (NaN3, NaCN, NaAsO2) reduced the accumulation of nickel by up to 74° . Extracellular calcium regulated the accumulation of nickel into the cells. CaC12 at 10 mM inhibited partially the accumulation of nickel, while nickel accumulation was enhanced in calcium free medium. From the efflux experiment, nickel was shown to be distributed to three different compartments in the cells, i.e., cell membrane, cytoplasm and intracellular constituents. Three rate constants were determined as k1=1.67-5.33, k2 =0.031-0.037 and k3 = 0.002-0.007 min-1. These results suggest that cell membrane is readily permeable to nickel and that saturable nickel-binding sites might exist in the pneumocytes examined,
The epidemiological studies suggested that nickel refinery workers have an increased incidence of sinonasal, laryngeal and pulmonary carcinoma (Doll et al. 1970 ; Pedersen et al. 1973; Sunderman 1979) . The pulmonary tissues with regional lymphnodes appear to be the preferential organs for the nickel retention (Waksvik et al. 1984 ). In the lung of rats exposed to nickel, high concentration of nickel was found in the microsomal fraction (Sunderman 1964) and to be bound to RNA, protein (Sunderman and Sunderman 1963) and to nucleus (Webb et al. 1972 ). However, the mechanisms of the accumulation of nickel into pulnomary cells are still not clear. Once, at least five major cell types have been identified in the alveolar regions of the lung, i.e., type I cells, endotherial cells, interstitial cells, type II cells and macrophages (Crapo et al. 1982) . In these cells type II cells are known to maintain the alveolar stability and provide for normal function of the lung by producing surfactant and also to proliferate and differentiate to type I cells after diffuse alveolar injury (Kaufman 1980) , and they are now recognized as the stem cells of alveolar epithelium. Previously, we first reported that Cap inhibits the accumulation of nickel into the isolated pneumocytes (Saito and Menzel 1978) . The present experiments were designed to observe the effects of metabolic inhibitors and Cam on the accumulation of nickel as well as the kinetics of efflux of nickel from the cultured alveolar type II cells derived from three different species, rat, feline and human.
MATERIALS AND METHODS
Tissue culture. Three kinds of established cell lines of pneumocytes, L-2 cells derived from adult rat lung (Douglas and Kaingh 1974) , AK-D cells derived from embryonic feline lung (Kniazeff et al. 1976 ) and A-549 cells derived from adult human lung (Lieber et al. 1976 ), were obtained from American Type Culture Collection (Rockville, MD, USA). L-2 cells and AK-D cells were maintained in F-12K culture medium supplemented with 20% and 15% fetal calf serum (FCS), respectively, and A-549 cells were maintained in Dulbecco's culture medium supplemented with 10% FCS in plastic tissue culture flasks at 37°C. All culture media were supplemented with 100 units/ml of penicillin G and 100 p g/ml of streptomycin.
Nickel accumulation. Cells at the confluent in culture were used for the experiment of the incorporation of nickel into the cells. Cells were washed three times with cold Tyrode's solution, pH 7. E fflux experiment of Nip. The experiment was performed by the method of Dalmark and Wieth (1972) with modifications. Cells were removed by 0.25% trypsin after washing Cam free Dulbecco's phosphate buffred saline solution (4°C). Cells were washed by centrifugation in Tyrode's solution at 150 x g for 5 min. Single cells were suspended in warm Tyrode's solution at 37°C containing 10-4 M and 10-6 M of NiC12 and 0.1 p Ci/ml 63NiC1 2 for 1 hr water bath with shaking gently. The labeled cells with 63Ni* were centrifuged down and cell pellets were resuspended in 50 ml of Tyrode's solution containing NiC12 at 10-4 M and 10-6 M. Starting volume of cell pellets was about 150,u1. Aliquots of cell suspension medium were collected rapidly by filtering through filter papers of 0.2pm of the pore size. The radioactivity of 63Ni++ released from the cells was counted in liquid scintillation cocktail by scintillation counter to determine the efflux of Nip by selfexchange. The rate of exchange was calculated by the following formula : e-bt= -at , where at is the radioactivity at time, t, a~ is that at equilibrium and b is the sum of the rate coefficient for efflux and influx of radioactive 63Ni. Cell viability after the incubation with NiC12 was investigated by trypan blue exclusion. incubated with 10-6 M of NiC12. At 20 min of incubation, Ni* uptake was inhibited by 27% and 67% in the presence of 5 mM and 15 mM sodium azide, respectively. Partial inhibition of Ni* uptake was also achieved by 1 mM sodium cyanide by 74% at 60 min and by 1 mM sodium arsenate by 57% at 30 min (Table 4) . Extracellular Ca* ion also affected the intracellular level of Ni* in A-549 cells as shown in Table 5 . When the cells were incubated with Ni* at 10-6 M, more Ni* was accumulated into the cells (156%, 142% and 134% at 1, 5 and 10 min, respectively) in Ca* free medium than in Tydode's solution which contained 2 mM of CaCl2. The increase in the extracellular Ca* to 10 mM was associated in the reduction in the intracellular Ni* concentration to 37.3% of control value at 1 min and 81.5% at 5 min (Table 5) . N1* efflux. To measure the permeability of alveolar cells to Ni*, self exchange flux experiment was performed in each cell line. Fig. 1 shows the of Ni* at 10-6 M into the cells Discussion It is said that the level of radioactivity in lung of experimental animals given 63NiCl 2 orally was the highest at 5 hr and then decreased, suggesting the presence of mechanisms of uptake and release of Ni* in the lung tissue (Jasim and Tjalve 1984) . In the present study, Ni* accumulation into the cultured pneumocytes was fast, especially in the first 1 min. This might be due to the monolayer cells and cell types in the experiments. Ni* has been shown to inhibit the inward current of Ca* in cilliary membrane, most probably in the competitive binding to anionic sites at the outer surface of membrane resulting the control of Ca* conductance (Hildebrand 1984) . In the present experiments, extracellular Ca* inhibited the accumulation of Ni* into the cells suggesting that some of Ni* might accumulate into alveolar cells through Ca* current channels on the cell membrane. Cellular Ca* has been shown to be involved in a multitude of cellular regulation process ; Ca* plays a major role particularly in the regulation of cell proliferation (Swierenga et al. 1980; Chafouleas et al. 1984) . Ca* was also found (Borle 1972) , the second one is cytoplasmic exchangeable Nip consisting of several subpools, (mainly cell free anion) and binding to soluble ligand in the cytosol or binding to subcellular structure, and the third one is a pool of Nip sequestered in subcellular structure, presumably mitochondria, nucleus or endoplasmic reticulum as in the case of Cam (Borle 1973; Webb et al. 1972 ). In the present study, the exchange of Nip between the incubation medium and the first, the second and the third compartment in the cells has been observed. From the results, it is not clear whether Nip is exchanging itself between the first compartment and the second or the third one. The observed differences in the concentration of Nip accumulated into the cells and in the rates of efflux in these cells might be due to : (A) a difference in cellular volume and surface area at fixed surface charge density, (B) a difference in the affinity of Nip and/or the density of negative surface charge at fixed surface area of the cells, (C) a difference in the concentrations of intracellular constituents, such as protein and mitochondria.
